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MONITORING OF LAKE ECOSYSTEMS 


Alois Herzig 


Abstract 

The essential component of management strategies for the conservation of lake biota is a reasonably complete 
understanding of the factors and processes regulating the composition, organization and dynamics of the com¬ 
munities. One aspect of the habitat quality is the trophic state, which can be defined on the basis of, e.g. nutrient 
content, primary production or secondary production. Within the International Biological Programme the basic 
parameters of production, metabolism and energy flow in freshwaters and the controlling factors were studied. 
During the 1970s, an international OECD cooperative study on Eutrophication of Freshwaters was performed to 
explore the strengths and weaknesses of nutrient load assessment and to relate external nutrient loading to the 
trophic response of lakes. Within this context, a number of relationships between areal phosphorus load, lake 
phosphorus concentration and primary production as a function of morphological and hydrological lake characte¬ 
ristics were developed. As a result, a few dominant regulating factors have been identified and are still in use in 
monitoring programmes within the context of eutrophication. As an example of an Austrian case study, the lim¬ 
nological development of Neusiedler See is briefly described and discussed. The need for more quantitative in¬ 
formation on biotic interactions and their changes in the context of lake management strategies, biomanipulation 
and lake conservation is put forward. Finally, the example of Seewinkel pinpoints the need for the determination 
of areal changes in the landscape, especially with regard to water and the land - water ecotone. 

Herzig, A.: Monitoring von Seen 

Jeder Maflnahmenkatalog, der zur Erhaltung der okologischen Funktionsfahigkeit des Lebensraumes See beitra- 
gen soil, bedarf der Kenntnis Uber die Faktoren und Prozesse, die Zusammensetzung, Organisation und Dynamik 
der Lebensgemeinschaften steuem. Ein Kriterium der Beschreibung der Qualitat eines Sees ist die Trophie, die 
aufgrund von Nahrstoffgehalt, Primar- und/oder Sekundarproduktion bestimmt werden kann. Im Rahmen des 
Intemationalen Biologischen Programmes wurden die Grundparameter der Produktion, des Stoffumsatzes und 
des Energieflusses und deren kontrollierende Faktoren bestimmt. DieOECD - Studie liber die Eutrophierung von 
Binnengewassem hatte das Ziel, die Menge der extemen Nahrstoffzufuhr zur trophischen Reaktion des Sees in 
Beziehung zu bringen. Beziehungen zwischen Nahrstoffzufuhr, Nahrstoffkonzentration im See und Primarpro- 
duktion wurden als Funktion von morphologischen und hydrologischen Eigenschaften des Sees entwickelt. Einige 
steuemde Faktoren konnten identifiziert werden und sind bei der Kontrolle von Eutrophierungsprozessen noch 
immer in Anwendung. Anhand des Neusiedler Sees, dessen limnologische Entwicklung kurz beschrieben wird, 
kann der Bedarf an quantitativer Information uber biotische Interaktionen und deren steten Wechsel im Zusam- 
menhang mit Seenmanagement, Biomanipulation und Seenreinhaltung gezeigt werden. Schliefilich Ia(3t das Bei- 
spiel des burgenlandischen Seewinkels erkennen, daB die quantitativen Veranderungen in einer Landschaft, vor 
allem in Bezug auf Wasserflachendargebot und Ausdehnung und Gestaltung der Land - Wasser - Okotone, ver- 
mehrt erfaBt gehoren. 


Herzig, A.: Monitorovam jezernich ekosystemu 

Ochrana zivotnf slozky jezer se neobejde bez rozumne znalosti faktoru a procesu ovlivnujfcfch slozenf, organi- 
zaci a dynamiku techto spolecenstev. Jednfm ze znaku kvality stanoviste je jeho trofick stav, jez muze byt de- 
finovan na zaklade napr. obsahu zivin, primamf a sekundimf produkce. Zakladnf produkcnf parametry, metabo- 
lismus a tok energie ve sladkovodnfch ekosystemech byl studovin v ramci Mezinirodniho biologickeho progra- 
mu (IBP). Behem 70-atych let byla vypracovana mezinarodnf OECD kooperacnf studie tykajfcf se eutrofizace 
sladkych vod s cflem objevit silne a slabe stranky hodnocenf zatizeni vod zivinami a zhodnotit vztah mezi 
phsunem zivin a reakcf jezer. V ramci teto studie bylo vypracovano mnozstvf vztahu mezi plosnym pfisunem 
fosforu, koncentraci fosforu v jezefe a primamf produkcf jako funkce morfologickych a hydrologickych 
vlastnostf jezer. Bylo identifikovano nekolik dominantnfch regulacnfch faktoru, ktere jsou nadale pouzivany k 
monitorovanf eutrofizace jezer. Studie z Rakouska popisuje limnologicky vyvoj Neusidlerskeho jezera a 
zduraznuje potrebu vetsiho mnozstvf kvantitativnfch informacf tykajfcfch se biotickych interakcf a jejich zmen v 
souvislosti s ruznymi strategiemi hospodafenf na jezerech, biomanipulacemi a ochranou jezer. Na pnkladu See¬ 
winkel je zduvodnena nutnost determ inace zmen v krajine, tykajfcfch se zejmena vody a ekotonu na rozhranf 
suchozemskeho a vodnfho prostredf. 
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INTRODUCTION 

Management strategies for the conservati¬ 
on of the biota of lakes need an understan¬ 
ding of the factors and processes regulating 
the composition, organization, and dyna¬ 
mics of the communities. Within the biota 
habitat quality is influenced by natural en¬ 
vironmental fluctuations, by direct impact 
by man (e.g. drainage, cutting littoral vege¬ 
tation, shore line management for swim¬ 
ming and boating or fish stocking), as well 
as through the management of the 
catchment area. It were mainly human 
activities which created rapid and severe 
changes in the environment. 

About 40 years ago the need for a better 
understanding of the environment as a ba¬ 
sis for the rational management of natural 
resources resulted in the establishment of 
the International Biological Programme 
(IBP). It was the first occasion on which 
biologists throughout the world were chal¬ 
lenged to work together for a common cau¬ 
se and for several years; in some occasions 
this was the beginning of a long-term in¬ 
vestigation and/or monitoring; e.g. in Aus¬ 
tria: Neusiedler See, Worthersee, Ossiacher 
See, Millstatter See, Mondsee. The aim 
was to study the basic parameters of pro¬ 
duction, metabolism at all trophic levels 
and later also of energy flow, and to iden¬ 
tify and understand the abiotic and biotic 
factors controlling these processes. 

IBP results are summarized in a synthesis 
volume (LeCren & McConnell, 1980) in 
which it is also tried to compare the va¬ 
rious production data at the various trophic 
levels. IBP also provided some models to 
predict ecosystem change over time, the 
effects of physical variables on freshwater 
production and some of them have the po¬ 
tential for use as diagnostic tools for better 
understanding of the intricacies of aquatic 
ecosystems (StraSkraba, 1980; Walters 
et al., 1980). 

A survey of the existing literature on eu¬ 
trophication processes published by the 


OECD (V OLLENWEIDER, 1970) formed the 
basis of an international cooperative study 
on Eutrophication of Freshwaters. These 
studies were performed to explore the 
strengths and weaknesses of nutrient load 
assessment and to relate external nutrient 
loading to the trophic responses of lakes. 
Among the nutrients, phosphorus is judged 
as the major element controlling eutrophi¬ 
cation since it limits algal growth in most 
lakes. The programme covered approxi¬ 
mately 200 natural and artificial lakes from 
all over the world. 

What was analyzed within the context of 
these surveys (topics in bald print were of 
primary interest in most projects)? 

* land use in the catchment area 

* components of the water balance 

* changes in lake morphometry (shore line 

development) 

* physico- chemical changes 

* changes in loading (mainly point sour¬ 
ces) 

* changes in nutrient content (nitrogen 
and phosphorus) 

* changes in biomass (algae, zooplank¬ 
ton) 

* changes in productivity (primary, se¬ 
condary) 

* changes in communities / populations 
(algae, zooplankton, fish) 

Relationships between P- load, P- concen¬ 
tration, algal biomass (biovolume, chloro¬ 
phyll a) and primary production, as a 
function of morphological and hydrologi¬ 
cal lake characteristics were developed. A 
number of models have been developed to 
study the relationship between nutrient 
loading, nutrient content and chemical and 
biological responses of lakes and reser¬ 
voirs. Most models were empirical, while 
others were conceptual and based on a 
mass balance. The estimation of the trophic 
state of lakes and predictions on the ef¬ 
fectiveness of measures taken to reduce 
eutrophication is done mainly on the basis 
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of these models (e.g. Vollenweider, 
1970, 1975, 1976; Dillon & Rigler, 
1974; Reckhov & Chapra, 1979; Ficker, 
1981). 

Other relationships developed included e.g. 
turbidity index (Hoyer & JONES, 1983), 
macrophyte density (Canfield et al., 
1984), development of cyanobacteria 
(Smith, 1985; Seip & Ibrekk, 1988), or 
fish yield (Hanson & Legget, 1982). 
Most frequently these relationships were 
based on multiple regression analysis. 
However, the applicability of these models 
is restricted to the water body they are de¬ 
rived from, very rarely an extrapolation to 
similar water bodies is possible. 

In Austria another programme was initiated 
in 1974 - the Man and Biosphere pro¬ 
gramme (MaB) - which focused on the 
impact by man through tourism and 
agriculture (Herzig, 1977). These studies 
included the role of non-point nutrient- 
sources in the eutrophication of lakes 
(Loffler & Newrkla,1985). 


Nevertheless, already during the Interna¬ 
tional Biological Programme limnologists 
were aware of the need for a multi - nutri¬ 
ent limitation approach and the need of 
concentrating on theoretical aspects of the 
mechanisms of processes determining 
aquatic ecosystem reactions (Straskraba, 
1980). 

Furthermore the changes of the relation¬ 
ships within and between trophic levels 
need to be described quantitatively on the 
basis of short- and long-term investigations 
and laboratory experiments which is shown 
below for Neusiedler See. 

The need for the determination of areal 
changes in the landscape with regard to 
water and land - water ecotone, applying a 
geographic information system (# 
McGIS), is pinpointed by the example 
Seewinkel. 


Case study - Neusiedler See (Fig.l) 



Fig. 1: Location of Neusiedler See and Seewinkel. 
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Fig. 2a : Long - term development of total phosphorus concentration (Ptot) (annual means). 



Fig. 2b: Development of sewage treatment plants and sewerage in the catchment area of 
Neusiedler See, expressed as population equivalents (PE). 
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log phytoplankton biomass 


Fig. 3: Relationship between phytoplankton (mg wet weight x m-3 ) (data - Padisak pers. 
comm.) and zooplankton biomass (mg dry weight x m-3), 1968 - 1973 (dotted lines: 95% 
confidence bands). 


Limnological investigations were perfor¬ 
med since the beginning of this century, 
mainly dealing with physical features 
(water level, wind, turbulences, tempera¬ 
ture), plankton and fish. 1967 the first 
process orientated programme was initia¬ 
ted, investigating primary and secondary 
production and the factors controlling these 
processes (IBP). In continuation the chan¬ 
ges in the trophic state, its implementation 
in the various trophic levels and the results 
of the measures taken to reduce the nutrient 
load and hence the degree of eutrophicati¬ 
on were of interest. Beginning with 1987, 
metereological, physico - chemical and 
biological parameters are measured in the 
context of a monitoring programme of the 
Biological Station Illmitz. In addition labo¬ 
ratory experiments are performed to define 


the feeding capacity of juvenile and adult 
fish, as well as invertebrate predators. Sin¬ 
ce 1968 the lake underwent severe eutro¬ 
phication. This is well described on the 
basis of the measurement of total phos¬ 
phorus concentration (Ptot) (Fig.2a). 

It becomes obvious that within 10 years 
(1970-1980) the annual mean Ptot in¬ 
creased from <10 pg x 1-1 to >150 pg x 1-1. 
Later on the trend turned towards a steady 
decrease in Ptot values which continues 
until today. A comparison with the measu¬ 
res taken in the catchment area, i.e. well 
developed sewerage and sewage treatment 
plants of an appropriate dimension, clearly 
demonstrates the relationship between nu¬ 
trient reduction in the catchment area 
through treatment and the nutrient concen¬ 
tration in the lake (Fig.2 a,b). Therefore the 
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Fig. 4: Predator - prey relationships within 
1991) (modified from Herzig (1994)). 

analysis of Ptot can be recommended for 
monitoring as it is a good indicator to 
check the effectiveness of rehabilitation 
and treatment work. 

The increase in nutrients resulted in a hig¬ 
her phytoplankton biomass which led to an 
increase in zooplankton biomass. At the 
beginning of the period of eutrophication 
(1968 - 1973) this food - grazer relation¬ 
ship was well expressed and highly signifi¬ 
cant (R2 = 0.39; p < 0.0001; n = 81) 
(Fig-3). 

Later on this relationship was less pro¬ 
nounced. In an earlier paper abundance 
data, egg numbers, birth and death rate of 
the dominant zooplankton species, as well 
as food availability, water temperature and 
wind speed were subjected to a multiple 
regression analysis (Herzig, 1994). The 
results revealed that especially for the 


pelagic community of Neusiedler See (1990, 

summer months other factors than the ones 
mentioned above are responsible for the 
population development of the planktonic 
species. Predation is the most likely one 
(Herzig, 1994). 

Predators do have pronounced effects on 
their prey, on species succession and com¬ 
munity structure. Planktivorous fish seem 
to be the most important predators in 
aquatic systems, but juvenile fish and in¬ 
vertebrates also need to be considered as 
efficient feeders and therefore as structu¬ 
ring elements of pelagic communities 
(Herzig, 1994). As it is shown in Fig.3 the 
nutritive situation for the herbivorous zoo¬ 
plankton did improve and as a result its 
biomass did increase which again led to an 
enlarged stock of planktivorous fish. 
According to Auer & Hain (1992) juveni¬ 
le fish occur in high enough densities to 


the 
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'_• Leplodora kindti |||| Alburnus alburnus 

| | Jungfische Pelecus cultratus 


Fig. 5: Monthly mean of total predatory 
elimination by fish and Leptodora 
(modified from Herzig (1994)). 

create an impact on the zooplankton. In 
addition a very efficient invertebrate preda¬ 
tor {Leptodora kindti) successfully invaded 
the lake and quickly developed high indi¬ 
vidual densities. To quantify the impact of 
the predators their densities were recorded 
and their feeding behaviour was described 
and the feeding capacity defined (Herzig 
& Auer, 1990; Herzig et al., 1993; 
Herzig, 1994; Tatrai & Herzig, 1994). 
According to the results obtained for two 
years (1990, 1991) juvenile and under¬ 
yearling fish, fish older than 0+ and Lepto¬ 
dora do have a substantial impact on the 
zooplankton community, especially during 
summer, when most predators concentrate 
on one food item ( Diaphanosoma mongo- 
lianum ) (Fig.4). On a monthly average 8 - 
27% of the zooplankton standing stock can 
be eliminated by all predators. The position 
of the dominant predator is changing 
throughout the year, beginning with juveni¬ 
le fish, followed by the obligatory plank- 
tivores, and in August Leptodora also con¬ 
tributes a substantial amount to overall 
predation (Fig.5). 


That means the phenology of predation 
needs careful attention in the discussion of 
species succession, community structure, 
rate of change, or in general in the context 
of ecosystem - based management (e.g. 
biomanipulation) and/or monitoring. 

Case study - Seewinkel (Fig. 1) 

The Seewinkel, the region between Neu- 
siedler See and the Hungarian border, is 
not only famous for its excellent wines, but 
even more from a scientific and natural 
conservationist point of view, for its nu¬ 
merous saline pans (Lacken). These pans 
are partly highly alkaline and are inhabited 
by a number of plants and animals adapted 
to these conditions. On the other hand, they 
are breeding grounds of bird species, like 
Avocet - Recurvirostra avosetta. Little 
Ringed Plover - Charadrius dubius. Lap¬ 
wing - Vanellus vanellus. Redshank - Trin- 
ga totanus , and resting places for migrato¬ 
ry ducks, geese, grebes and gulls. 

This eminent wetland area is a Ramsar site 
since 1982 and hence the wise use of such 
a landscape is implemented. However, 
from the beginning of this century wide 
spread artificial draining (224 km drainage 
channels still exist today) took place which 
did withdraw the surface waters from that 
area very effectively and also lowered the 
water table in waterlogged soils. On the 
other hand, long-term extraction of ground- 
water for irrigation exceeded long-term 
recharge rates leading to regional ground- 
water over-exploitation. 

Alltogether this management in the See¬ 
winkel caused severe damage to the natural 
hydrological cycle and to the aquatic eco¬ 
systems. As it is shown in Fig.6 and Table 
1, more than 100 pans can be recorded for 
the year 1900, and in 1993 only 36 are still 
existing. From 1900 to nowadays the water 
surface area was reduced by 74.6%. Of the 
36 pans only 20 can be called healthy, un¬ 
disturbed ecosystems. 11 are perturbated 
by drainage, digging into the groundwater, 
or fish culture, 5 are actually degraded. 
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Table 1: Long-term development of saline pans in the Seewinkel (analysis based on: map 
1:75000, Gyor, 1889; map OK 25V, revised 1987; Guntschl, 1942; Kopf, 1962; Supper, 
1990). Calculation in 6 McGIS. 



-1900 

1941 

1962 

1993 

number of lakes 

107 

99 

70 

36 * 

surface area (ha) 

2974 

2272 

2102 

755 ** 

cumulative losses (ha) 


702 

872 

2219 

cumulative losses (% of 1900) 


23,6 

29,3 

74,6 


* 20 lakes: ± healthy natural ecosystems, nevertheless all of them show a reduced open water 
area; average = 44% (range: 23,7% - 78,4%) 

11 lakes: markedly perturbated ecosystems (perturbation: drainage, digging into the 
groundwater, used as fish pond) 

5 lakes: ± degraded 


** additionally 200 gravel pits and/or fish ponds exist; area = 98 ha 


Drainage system: -1940: 188,79 km 
1993: 224,21 km 


In parallel to the draining the agricultural 
area and the intensity of the management 
has been increased. Nowadays frequently 
wineyards directly border upon the water 
bodies. As a consequence, the nutrient 
content (phosphorus and nitrogen) of the 
water of the pans increased. Metz & 
Forro (1989) reviewed the nutrient situa¬ 
tion of the pans back to the 1940s. Beside 
their conclusion that more information is 
needed, a positive correlation between no 
buffering zone around the pan and more 
nutrients in the water was found, a state¬ 
ment which is in agreement with the in¬ 
vestigations of Krachler (1992). 
Obviously sociopolitical and socioecono¬ 
mic motives and decisions led to this deve¬ 
lopment. A cost - benefit analysis for 
drained systems and intensive agriculture 
versus loss of conservation, aestetic and 
recreational values never was performed, 
the values of the latter were generally dis¬ 
regarded. As it is stressed by Moss (1992) 


in a general statement about land - use - 
policy, professional biologists have had 
little influence in the policy decisions ta¬ 
ken in the management of waters; this field 
has been dominated by engineers. 

Very recently measures are taken towards a 
catchment area based management of wa¬ 
ter. That means, controlled extraction of 
groundwater and inhibition or reduction of 
the outflow of surface waters from the 
area. In the future, the environment See¬ 
winkel needs to be managed in landscape 
units, based on integrative hydrological, 
physico-chemical, biological and socio¬ 
economic assessments. 


CONCLUSION 

The idea that environmental management 
should be based on integrative assessments 
and should be ecosystem or landscape ori¬ 
entated is older than 20 years, but still it is 
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very rarely tried to follow along these re¬ 
commendations (Slocombe, 1993). With 
respect to water this means that manage¬ 
ment and conservation needs an integrated 
land - use - policy. However, such a policy 
is not yet developed (Moss, 1992) (cf. 
Seewinkel). 

Increasingly, nature conservation, and 
especially with respect to wetlands, deals 
with islandlike, isolated areas which are 
subjected to internal and external threats. 
Without knowledge about the functioning 
of the ecosystem no proper management 
can be implemented. Such an approach 
needs several new basic research (cf. 
Slocombe, 1993): 

*multidisciplinary data collection, inclu¬ 
ding monitoring, on past and present 
system state, behaviour, and 
functioning; 

* exploration of methods to organize, dis¬ 

play, and illustrate the interrelationships 
of data collected, e.g. geographic infor¬ 
mation systems and computer simulati¬ 
ons; 

* exploration of methods of transdiscipli- 

nary synthesis of varied data, e.g. multi¬ 
purpose, integrative targets and indica¬ 
tors. 
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